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4) INTRODUCTION 
A positive family history, present in about 30% of breast cancer cases, has been shown to double 
a woman’s risk of breast cancer(1), and this is true for postmenopausal as well as the 
premenopausal cases, among which the autosomal dominant, relatively high penetrant genes 
BRCA1 and BRCA2 are most prominent(2).  It has been hypothesized that susceptibility genes 
of lower penetrance are more prevalent than among the latter, and a likely group of such genes 
are those that regulate the production, intracellular transport, and metabolism of estrogen (3), the 
common factor underlying most known predictors of breast cancer risk (4) (5) (6).  
 
At the time the grant was originally funded, reviews identified several candidate genes (7) (8) (9) 
that were hypothesized to be related to genetic risk of breast cancer.  The original proposal was 
limited to investigating single nucleotide polymorphisms (SNPs) on 6 genes that were related to 
estrogen metabolism and carcinogen metabolism. Specifically, in the estrogen metabolism 
pathway, four genetic polymorphisms were previously described related to the CYP17 gene, the 
CYP19 gene, the COMT gene, and the HSD17B1 (or also called the EDH17B2) gene.  For 
example, a polymorphism (called A2) on the CYP17 gene was linked to higher endogenous 
estrogen levels and an earlier age at menarche (10).  The same polymorphism was linked to 
increased risk of aggressive breast cancer, although one attempt to confirm this finding was 
unsuccessful (11). Genes related to carcinogen metabolism which have been linked to breast 
cancer risk include GSTM1 and P1 and CYP1A1.  As a result of rapidly improving technology, 
for the same cost, the study was able to expand the original goals and greatly increase the 
number of genes and SNPs being investigated. Specifically, there are 16 genes and 384 SNPs 
that were assayed.  The genes include AIB1, COMT, COX2, CYP17, CYP19, CYP1A1, 
CYP3A4, ESR1, ESR2, GPR54 ,GSTP1, IGF1, IGFBP3, P160, and PR.  The SNPs selected 
were essentially haplotype tagging SNPs that were selected to cover the variation across the 
entire length of each of the genes.  
 
Most of the previous studies of genetic polymorphisms have not been conducted with women 
known to be at high familial risk of breast cancer, where the prevalence of the polymorphism 
may be expected to be higher, if it is associated with the development of breast cancer.  The 
identification of families to study these inherited genetic factors is more difficult because of the 
anticipated lower penetrance of the candidate genes and occurrence of more sporadic cases, 
especially among older women.  The source of the breast cancer cases in this study was the 
International Twin Study which includes both breast cancer concordant and discordant identical 
twin pairs.  The concordant MZ twin pairs represent families with a very high familial risk of 
breast cancer, while the MZ discordant twins are likely to represent non-heritable cancer (36). 
We have obtained DNA from subsets of these pairs as well as from control women without 
breast cancer (and without a family history of breast cancer) and have tested for multiple genetic 
polymorphisms to determine if any are differentially associated with cases from twins with a 
high likelihood of heritable breast cancer (i.e. those from identical concordant pairs) vs. sporadic 
cases (i.e. cases from discordant pairs) and control women.   
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This study should provide important clues regarding other genetic factors that may be associated 
with breast cancer etiology.  A previous publication by the P.I. on epidemiological risk factors 
within the concordant for breast cancer identical twins, has indicated that factors associated with 
the onset of hormones at puberty may be especially critical (33). The twins are a unique subset of 
very high risk women who have been identified by the fact that they are identical twins from 
pairs in which both members have developed breast cancer.  If multiple genes are involved 
(which is likely) this group of cases is an especially important resource to study since the 
different genes responsible may have been passed down separately from each parent. Thus there 
may have been no (other) family history of breast cancer for these twins since each gene, by 
itself, may not have been sufficient to increase risk of disease. Initial work on the project and the 
CYP17 laboratory work was funded under a grant from the California Breast Cancer Research 
Project (CA-BCRP).  
 
As indicated above, during the no-cost extension period we increased the number of genetic 
factors studied using these twins with new high through-put technology that has recently become 
available at USC.  Details are included in the section below under Task 4. 
  
5)  BODY 
Technical Objectives and Work Accomplished During Grant period 
Task 1: To complete follow-up of female identical twin pairs with breast cancer  
1.  Continue follow-up begun under CA-BCRP grant 
2.  Hire Programmer, set up tracking database 
3.   Continue to mail follow-up forms with return envelope to last known address of twins.  Enter 

data from responses. 
4.  Submit nonrespondent names to National Death Index. 
5.  Submit names of nonrespondent twins not known to be deceased to TRW/ Experian to obtain 

updated addresses.  Resend follow-up forms. 
6.  Continue follow-up by phone calls, internet searches, and contact with relatives. 
 
It was previously reported that a data file was created from the International Twin Registry that 
selected all of the identical female twin pairs in which one or both members had been diagnosed 
with breast cancer.  In total there were 1,491 identical pairs in this database and 1,199 of them 
were initially classified as discordant pairs, 263 as concordant, and 29 of uncertain concordance. 
A follow-up form was sent to all living members of all of the discordant pairs, and new breast 
cancers have been reported in the previously healthy twin of 62 of these pairs.  Thus as a result 
of this information, we identified 338 concordant pairs and 1,153 discordant pairs. Follow-up 
efforts have consisted of mailing 1,883 follow-up forms to living twins in these pairs, and 1,029 
have been returned completed.  260 were returned by the post office and 478 were not returned 
by either the twin or the post office.  Tracing efforts were implemented to locate the 
nonrespondents.  Follow-up of all nonrespondents was done using the National Death Index. 
 (This component was funded under the CA-BCRP grant). 
 
Task 2:  Identify new breast cancers and obtain medical record documentation and tissue blocks.  
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1. When new breast cancer is identified, obtain medical consent form from twin or next of kin, 
and request records and tissue blocks from hospital 

2. Follow-up requests with hospitals 
The goal of the study was to obtain genomic DNA from at least one member of 200 of the 
concordant pairs, from the case in 200 of the discordant pairs, and from 200 control women 
without a personal or family history of breast cancer.  From a previous study, tissue blocks have 
been obtained from some of the breast cancer pairs (concordant and discordant).  As a result of 
the follow-up effort, we have identified 62 previously discordant pairs in whom the unaffected 
member has developed breast cancer.  Thus the number of concordant and discordant pairs has 
been adjusted to reflect the current status. 
 
To participate in the study, the eligible participants were sent a letter describing the study along 
with the informed consent documents.  Our study manager then called the twin to go over the 
informed consent with her over the telephone.  Then if she agreed to participate and donate the 
required tissue to the study, she signed the informed consent form and mailed it back to us. . 
 
The numbers of MZ twins (and controls) in each subset with tissue and signed consent forms is 
the following: 
 
 Concordant Discordant Controls 
Number identified * 169 892 -- 
DOD consent signed 
and tissue/buccal 
smear available 

136 152 137 

 (Number of above 
with buccal smear) 

(42, with 13 having 
both buccal and 
tissue) 

(20, with 8 having 
both buccal and 
tissue)) 

(137) 

*after elimination of refusals, and deceased cases with no available tissue.  Reasons for refusal 
included not interested, and too busy as well as the language that the DOD requires us to include 
in the informed consent regarding ‘POTENTIAL FOR COMMERCIAL DEVELOPMENT 
RELATED TO RESEARCH’.   
 
We completed the study with  tissue or buccal smears and signed DOD informed consents for 
136 concordant pairs, 152 discordant pairs and 137 controls.  Due to difficulty in locating 
subjects it took more staff time than anticipated to obtain the current numbers.  
 
Task 3: Obtain buccal smears from living member of case pairs when blocks not available  
 
1. If tissue blocks are no longer available from either member of the case pairs and there is a 

living twin, send letter to obtain buccal smear. 
2. Send buccal smear kit and return mailing supplies and postage to these individuals. 
 
The procedures for obtaining buccal smears have been developed and kits were assembled for 
this purpose.  We used Epicentre Technologies Master Amp Buccal Swab Brush.  Two brushes 
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were sent to the selected cases (and controls) and they were asked to use one for each cheek.  
Once the swabs were returned to us they were kept frozen until the laboratory analyses were 
done.  We collected buccal smears from 42 concordant pairs, 20 discordant pairs and 137 
controls. 
 
Task 3: Identify 200 control women and obtain buccal smear and risk factor questionnaire from 
each of them 
1. Contact case pairs to obtain listing of unrelated breast cancer free potential control women 

selected from sisters-in-laws and friends. 
2. Randomly select a women from this list and mail introductory letter. 
3. Obtain buccal smear and risk factor questionnaire from each control woman through the 

mail. 
 
We developed the protocol for selecting controls and this is worked well. We identified 137 
controls and have obtained the buccal smear and short risk factor questionnaire from all of them. 
  
Task 4: Laboratory analysis of DNA from tissue and buccal smears to identify polymorphisms in 
the specified breast susceptibility candidate genes 
 
1. Finish CYP-17 analysis at Dr. Dubeau’s Laboratory. 
2. Extract additional DNA as necessary for the additional genetic tests. 
3. Do additional tests for CYP19, COMT, HSD17B1, GSTM1, GSTP1, and CYP1A1. 
4. Receive results and enter data into database. 
5. Store tissue for future genetic studies. 
 
We had some difficulties in this area have worked to resolve the problems.  This caused some 
delay in completing the genetic analyses.  During this time period technological advances have 
been made in doing genetic assays, and costs per assay have been reduced.  These developments 
provided the opportunity to expand the scope of the genetic analyses that could be done with the 
available funding.    
 
Haplotype tagging SNPs (htSNPs) were selected to predict the common haplotypes in each gene 
with a high probability (R2 =.80), similar to methods described in studies done using the 
Multiethnic Cohort (37). We included the 6 genes from the original proposal and added 10 more 
genes to the study based on current research findings and biological plausibility.  The additional 
genes, listed in the table below include the co-activators AIB1 and p160, IGF related genes 
including IGF-1 and IGFBP-3 which regulates the amount of IGF-1, ER alpha and beta and PR 
genes, the COX2 gene related to inflammation, GPR54 which is related to the regulation of 
gonadotropins affecting onset of puberty(34), and CYP3A4*1B which plays a major role in 
testosterone metabolism and the high activity allele (i.e. CYP3A4*1B) may cause a larger drop 
in testosterone which may then increase the estradiol: testosterone ratio initiating the hormonal 
cascade that accompanies puberty(35). 
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The genes and number of htSNPs for each one that were successfully assayed during no cost 
extension are listed below (Total=368). 
 
Genes Number htSNPs 
In Original proposal:  
CYP17 11 
CYP19 55 
COMT 28 
HSD17B1 10 
CYP1A1 5 
GSTP1 8 
Additional genes:  
AIB1 27 
P160 15 
IGF-1 28 
IGFBP-3 15 
CYP3A4 10 
GPR54 10 
ESRalpha 83 
ESRbeta 21 
PR 31 
COX-2 11 
  
Total 368 
 
 
Dr. Dubeau’s laboratory did not have the capacity to complete this work and so the work was 
done under the direction of Dr. David Vandenberg in the Genomics Core Facility. DNA was re-
extracted from available samples (i.e. archived tissue or buccal smears) and assays were run for 
the 368 SNPs using the Illumina System as described below.  In addition DNA has been stored 
from these sample for future testing.  
 
Illumina System Methodology 
GoldenGate™ Assay and BeadArray™ Technology 

Identification of multiple SNPs at the same time is performed using the GoldenGate™ 
Assay (Illumina, San Diego, CA). The assay utilizes a combination of the multiplexed 
oligonucleotide ligation assay (OLA) on genomic DNA (gDNA) and PCR amplification with 
universal primers.  For each polymorphism, two allele specific oligonucleotides (ASO) are 
synthesized that contain 2 sequence motifs: common sequences at the 5’ end for amplification of 
all targets (P1 and P2) and sequences at the 3’ end that match the locus adjacent to the 
polymorphism with the final base of each oligonucleotide incorporating one of the 2 
polymorphic bases.  In addition to the 2 allele specific oligonucleotides a locus specific 
oligonucleotide (LSO) is synthesized that contains 3 sequence motifs: at the 5’end is sequence 
adjacent to the SNP being evaluated, a locus specific region in the middle of the oligonucleotide 
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to identify the locus (Address), and sequences at the 3’ end for amplification of all targets (P3).  
During the OLA each allele specific oligonucleotide will anneal to the region next to the 
corresponding polymorphism and each locus specific oligonucleotide will anneal to the adjacent 
region downstream of the polymorphism.  When the last base of each ASO matches the 
polymorphic base DNA ligase will ligate the ASO and LSO oligonucleotides together.  If a 
mismatch occurs the ligation step will not occur.  Since each locus is independent, a large 
number of simultaneous annealings can occur provided there is no interaction between the 
combined oligonucleotides. At present combinations of up to 1536 loci can be performed at 
once.  Next, the ligated oligonucleotides are amplified using generic primers that recognize the 
common domains within the ASO and LSO oligonucleotides.  A total of 3 primers are used to 
amplify all of the loci at once: 2 primers that are labeled with distinct fluorochromes and are 
complementary to the P1 and P2 regions, respectively, for each ASO and 1 primer that is 
complementary to the P3 region of the LSO. Following PCR amplification of the ligation 
products, the products are denatured and hybridized to an array containing oligonucleotides with 
sequences complementary to the addresses used to mark each locus in the multiplexing reaction. 
 The array contains approximately 50,000 independent sites with each of the addresses being 
represented at least 8 times. The array is then read to determine the fluorescent signal present at 
each address (BeadArray Reader, Illumina).  The current system uses a 96-well plate format to 
detect the genotyping reactions for up to 1,536 assays at a time or 147,456 genotypes per plate.  
The robotics platform dedicated to the Illumina system is capable of processing at least 6 96-well 
plates per day for a throughput of over 800,000 genotypes per day.  Data from the BeadArray 
Reader is downloaded to a Laboratory Information Management System (LIMS) and the 
genotypes are determined using Autogenopipe (Illumina).  Genotyped data is retrieved from the 
LIMS database for analysis. 

 
Assay Design 

SNP design will be performed by Illumina from a list of SNPs provided to them for this 
project.  The assay conversion rate for development of a successful assay from an identified SNP 
is approximately 97% when multiplexing 1,152 SNPs at a time and using “double-hit” SNPs 
(Fan et al., 2003). Assuming a similar assay conversion rate for this study of known functional 
SNPs and HapMap identified SNPs we would expect 366 SNPs to work on the Illumina platform 
(97% of 378).  Any SNPs that fail the Illumina design process will be analyzed using the 
TaqMan assay.  

 
Quality Control 

The Genomics Core Facility incorporates 2 levels of Quality control into all assays.  
Within the sample set a 5-10% blinded duplication of samples is created.  Samples will be split 
and separate IDs generated prior to submitting the samples to the Genomics Core Facility. 
Results for an assay will not be analyzed if the duplicates do not have identical genotype and the 
cause for the discordancy (systematic or isolated) will be determined.  A second level of QC is 
provided during sample setup.  All DNA samples are diluted and stored in 96-well plates prior to 
aliquoting of DNA into assay plates. Only 93 samples are added to each 96-well plate with the 
remaining 3 empty wells serving as negative controls for the assay and as a unique fingerprint 
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for each 96-well plate.  These unique fingerprint wells allow the Genomics Core Facility to 
identify plate flips, or errors in the creation of assay plates.  
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Task 5 Data analysis 
1. Link data on genetic factors to other information from twins and controls including risk 

factor information and other tumor related information when available (e.g. ER positivity) 
2. Complete analyses of data to determine relationship of the specified polymorphisms to breast 

cancer susceptibility. 
3. Submit papers and reports. 
 
Due to poor quality DNA from the archived tissue blocks from some of the twins, all of the 
samples were not useable.  For individual SNPs there were some samples that gave 
uninformative results for some SNPs but not for others. For each of the 368 SNPs tested we 
obtained useable results from between 48-71 concordant pairs, 68-99 discordant pairs and 119-
127 control women. Frequency distributions of the genotypes and alleles were provided for each 
group.  The chi-square statistic was used to determine if the distributions between concordant 
and discordant pairs were significantly different and also if there was lack of independence 
among concordant pairs, discordant pairs and control women.  
 
The number of SNPs that had significantly different distributions are shown in Table 1 and the 
actual p values, coordinates and rs numbers for each SNP are shown in Table 2.  The coordinates 
indicate the position of the SNP along the gene, thus there may be significance in SNPs that are 
located close to each other. The comparison between concordant and discordant pairs only 
showed significance for less than 5% of the SNPs.  Since multiple comparisons are being made 
this could be expected by chance. More SNPs (15-17%) showed significant results when 
comparing all three strata—concordant pairs, discordant pairs and controls. The only gene where 
no significant results were found was the GPR54 gene. Genes that had the highest proportion 
(i.e. >20%) of SNPs that differed in their genotype and allele distributions included HSD17B1, 
GSTP1 and P160 for the comparison of concordant and discordant pairs, and HSD17B1, 
CYP1A1, GSTP1, AIB1, and COX2 for the 3-way comparison of concordant and discordant 
pairs and controls.  At this point in time, the meaning of the significance of individual SNPs has 
not been evaluated, and much more extensive analysis of haplotypes for each gene will need to 
be done.  These results are thus very preliminary at this time. 
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Comparison of replicates within the samples showed that there was a 1-2% error between 
samples from the same individual which is acceptable.  The Hardy-Weinberg distribution of 
genotypes in the controls will need to be assessed. The functional significance of the significant 
SNPs will need to be assessed.  In addition, results from CEPH individuals were also included in 
the assays and a comparison of their results to the known standards will need to be assessed. 
Further study will also need to be made on combinations of significant SNPs along biologic 
pathways. 
 
 
Table 1: Number of SNPs with significant differences in the distribution of genotypes or alleles 
and the percentage of the total number of SNPs for that gene.  

Number significant (p<.05) 

Concordant vs. Discordant 
Pairs 

Conc., Disc, and Controls 

 
 
 
Genes 

 
Total 
number 
htSNPs 

Genotype Allele Genotype Allele 
CYP17 11 0 1 (9.1%) 2 (18.2%) 1 (9.1%) 
CYP19 55 1 (1.8%) 2 (3.6%) 8 (14.6%) 9 (16.4%) 
COMT 28 1 (3.6%) 1 (3.6%) 4 (14.3%) 6 (21.4%) 
HSD17B1 10 3 (30.0%) 2 (20.0%) 2 (20.0%) 1 (10.0%) 
CYP1A1 5 0 (0%) 0 (0%) 1 (20.0%) 1 (20.0%) 
GSTP1 8 1(12.5%) 2 (25.0%) 2 (25.0%) 2 (25.0%) 
AIB1 27 1 (3.7%) 2 (7.4%) 6 (22.2%) 6 (22.2%) 
P160 15 1 (6.7%) 2 (13.3%) 1 (6.7%) 2 (13.3%) 
IGF-1 28 0 (0%) 0 (0%) 3 (10.7%) 5 (17.9%) 
IGFBP-3 15 0 (0%) 0 (0%) 1 (6.7%) 2 (13.3%) 
CYP3A4 10 0 (0%) 0 (0%) 4 (40.0%) 4 (40.0%) 
GPR54 10 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
ESRalpha 83 4 (4.8%) 5 (6.0%) 10 (12.0%)  15 (18.1%) 
ESRbeta 21 2 (9.5%) 0 (0%) 3 (14.3%) 4 (19.0%) 
PR 31 0 (0%) 0 (0%) 3 (9.7%) 2 (6.4%) 
COX-2 11 0 (0%) 0 (0%) 4 (36.4%) 3 (27.3%) 
      
Total 368 14 (3.8%) 17 (4.6%) 54 (14.7%) 63 (17.1%) 
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Table 2: Significance of difference in distributions of genotypes and alleles of htSNPs from 16 genes: 
Concordant vs. Discordant Pairs and Concordant pairs, Discordant pairs, and Controls. (p values are from Chi 
square test). 

    
Concordant vs. 
Discordant Pairs 

Concordant & Discordant Pairs 
and Controls 

GENE 
SNPNO (in 
database) COORD rs number 

P value for 
genotype 
distribution. 

P value for 
allele 
distribution 

P value for 
genotype 
distribution 

P value for allele 
distribution 

AIB1 183 45554763 rs2868804 0.81 0.6 0.71 0.8
AIB1 106 45556766 rs17790738 0.95 0.96 0.97 0.86
AIB1 1 45558673 rs13043637 0.83 0.77 0.8 0.9
AIB1 288 45560736 rs6018511 0.1 0.07 0.14 0.1
AIB1 51 45580973 rs1206882 0.54 0.68 0.56 0.92
AIB1 46 45586555 rs11700063 0.66 0.84 0.012 0.0193
AIB1 150 45590796 rs2425941 0.37 0.69 0.0154 0.34
AIB1 291 45619734 rs6125042 0.38 0.14 0.34 0.09
AIB1 89 45619978 rs1569438 0.45 0.34 0.48 0.38
AIB1 151 45642909 rs2425975 0.37 0.09 0.14 0.09
AIB1 152 45653334 rs2425977 0.25 0.12 0.39 0.23
AIB1 124 45662074 rs2143491 0.5 0.33 0.16 0.11
AIB1 289 45691984 rs6018600 0.27 0.38 0.49 0.49
AIB1 129 45698295 rs2230782 0.17 0.84 0.3 0.98
AIB1 248 45701357 rs4810648 0.7 0.41 0.89 0.62
AIB1 120 45701900 rs2076546 0.07 0.09 0.0277 0.0377
AIB1 290 45708496 rs6018617 0.0443 0.0108 0.0183 0.0027
AIB1 352 45708735 rs864338 0.34 0.53 0.31 0.19
AIB1 45 45716790 rs11699879 0.34 0.16 0.0159 0.0314
AIB1 232 45719646 rs445219 0.2 0.0176 0.26 0.0461
AIB1 141 45721973 rs2294891 0.54 0.45 0.76 0.6
AIB1 138 45723657 rs2281279 0.75 0.6 0.52 0.7
AIB1 121 45723723 rs2076549 0.72 0.8 0.52 0.81
AIB1 234 45724889 rs450110 0.5 0.8 0.79 0.84
AIB1 131 45725556 rs2235734 0.27 0.78 0.63 0.96
AIB1 119 45728132 rs2076545 0.35 0.18 0.33 0.33
AIB1 228 45729011 rs403321 0.17 0.61 0.0001 0.0004
        
COMT 347 18283980 rs8141691 0.44 0.21 0.5 0.42
COMT 8 18284531 rs1012157 0.0017 0.65 0.0024 0.87
COMT 326 18285270 rs7289747 0.61 0.41 0.87 0.64
COMT 360 18286569 rs9306229 0.2 0.55 0.0216 0.0573
COMT 285 18289880 rs5993875 0.34 0.51 0.16 0.57
COMT 327 18290493 rs7290448 0.13 0.22 0.3 0.4
COMT 230 18292410 rs4333017 0.89 0.63 0.94 0.66
COMT 233 18293959 rs4485648 0.08 0.0221 0.07 0.0468
COMT 379 18295691 rs9605030 0.12 0.25 0.14 0.17
COMT 117 18303438 rs2020917 0.28 0.27 0.09 0.0328
COMT 328 18304663 rs737866 0.18 0.31 0.42 0.6
COMT 88 18306222 rs1544325 0.25 0.21 0.46 0.36
COMT 99 18308605 rs174675 0.08 0.0557 0.13 0.16
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COMT 286 18312192 rs5993883 0.97 0.98 0.69 0.72
COMT 329 18319731 rs740603 0.39 0.54 0.47 0.78
COMT 132 18324982 rs2239393 0.7 0.51 0.86 0.8
COMT 242 18325825 rs4680 0.5 0.68 0.76 0.68
COMT 237 18326686 rs4646316 0.57 0.35 0.0122 0.0017
COMT 91 18327115 rs165774 0.86 0.9 0.93 0.93
COMT 100 18327730 rs174696 0.46 0.36 0.8 0.64
COMT 363 18330246 rs9332377 0.52 0.26 0.36 0.43
COMT 92 18333223 rs165849 0.59 0.52 0.61 0.7
COMT 287 18334300 rs5993891 0.28 0.34 0.0001 0.0001
COMT 171 18334742 rs2518823 0.27 1 0.07 0.26
COMT 134 18335564 rs2240714 0.92 0.67 0.99 0.88
COMT 355 18336509 rs887199 0.7 0.73 0.36 0.72
COMT 133 18336757 rs2239395 0.87 0.87 0.98 0.98
COMT 356 18338220 rs887200 0.31 0.13 0.15 0.0285
        
COX2 31 183363974 rs10911902 0.3 0.56 0.0044 0.0402
COX2 241 183380661 rs4648261 0.56 0.56 0.81 0.81
COX2 310 183382408 rs689466 0.11 0.31 0.0003 0.0146
COX2 49 183383533 rs12042763 0.46 0.8 0.69 0.96
COX2 178 183383659 rs2745559 0.26 0.67 0.0477 0.85
COX2 32 183384052 rs10911905 0.71 0.53 0.9 0.7
COX2 57 183388928 rs12409744 0.4 0.33 0.73 0.57
COX2 36 183389651 rs1119064 0.67 0.61 0.7 0.69
COX2 37 183389729 rs1119065 0.17 0.08 0.46 0.2
COX2 307 183391516 rs6681231 0.36 0.09 0.0008 0.0025
COX2 147 183400749 rs2383529 0.6 0.35 0.77 0.64
        
CYP17 295 104571278 rs619824 0.52 0.99 0.42 0.76
CYP17 30 104573922 rs10883782 0.3 0.12 0.14 0.054
CYP17 253 104574320 rs4919682 0.46 0.88 0.3 0.76
CYP17 97 104581383 rs17115100 0.31 0.88 0.67 0.99
CYP17 293 104586914 rs6163 0.69 0.82 0.46 0.91
CYP17 170 104587470 rs2486758 0.73 0.8 0.89 0.74
CYP17 103 104595511 rs17724534 0.1 0.021 0.0251 0.07
CYP17 315 104599666 rs7096475 0.29 0.75 0.37 0.81
CYP17 55 104603345 rs12219246 0.89 0.62 0.09 0.87
CYP17 224 104604340 rs3824754 0.98 0.99 0.0001 0.0001
CYP17 254 104606490 rs4919690 0.33 0.35 0.33 0.6
        
CYP19 384 49279146 rs9972359 0.42 0.66 0.74 0.86
CYP19 369 49283122 rs934632 0.45 0.74 0.0401 0.0532
CYP19 370 49287786 rs934633 0.42 0.55 0.79 0.82
CYP19 229 49288409 rs4275794 0.72 0.83 0.0019 0.0058
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CYP19 185 49290969 rs2899470 0.72 0.75 0.6 0.84
CYP19 140 49294800 rs2289105 0.5 0.65 0.14 0.06
CYP19 184 49295260 rs28757190 0.42 0.33 0.2 0.17
CYP19 142 49295412 rs2304463 0.72 0.86 0.25 0.89
CYP19 42 49297994 rs1143704 0.44 0.35 0.01 0.0185
CYP19 186 49303347 rs2899472 0.48 0.75 0.44 0.89
CYP19 344 49305662 rs8025374 0.81 0.59 0.51 0.24
CYP19 78 49310451 rs12900487 0.63 0.92 0.13 0.11
CYP19 69 49312465 rs12592697 0.65 0.33 0.13 0.24
CYP19 383 49315372 rs9944225 0.47 0.93 0.31 0.98
CYP19 314 49316404 rs700518 0.35 0.8 0.32 0.3
CYP19 148 49317127 rs2414097 0.84 0.97 0.0371 0.13
CYP19 102 49317389 rs17703883 0.86 0.92 0.12 0.14
CYP19 23 49319939 rs10519295 0.34 0.64 0.07 0.049
CYP19 247 49323314 rs4775936 0.56 0.64 0.07 0.16
CYP19 20 49323433 rs10459592 0.21 0.68 0.45 0.89
CYP19 68 49326660 rs12591359 0.36 0.16 0.53 0.34
CYP19 79 49330049 rs12911554 0.78 0.81 0.32 0.23
CYP19 50 49332163 rs12050772 0.55 0.59 0.52 0.59
CYP19 322 49333590 rs7172156 0.93 0.73 0.83 0.9
CYP19 48 49335997 rs11856927 0.8 0.66 0.75 0.85
CYP19 149 49336074 rs2414099 0.91 0.81 0.81 0.82
CYP19 235 49336336 rs4545755 0.68 0.39 0.76 0.56
CYP19 24 49338638 rs10519299 0.98 0.92 0.58 0.54
CYP19 101 49341201 rs17601876 0.61 0.3 0.24 0.56
CYP19 236 49343886 rs4614671 0.32 0.39 0.21 0.19
CYP19 231 49344251 rs4441215 0.74 0.56 0.93 0.76
CYP19 60 49349490 rs12437685 0.85 0.73 0.83 0.88
CYP19 116 49358145 rs1902586 0.11 0.0311 0.23 0.09
CYP19 321 49365886 rs7167343 0.31 0.31 0.4 0.41
CYP19 371 49366890 rs936306 0.45 0.36 0.0002 0.0008
CYP19 163 49377192 rs2470157 0.63 0.65 0.69 0.49
CYP19 162 49382264 rs2470152 0.61 0.94 0.74 0.98
CYP19 218 49393870 rs3751592 0.22 0.38 0.0001 0.0033
CYP19 217 49394002 rs3751591 0.85 0.99 0.76 0.65
CYP19 7 49400944 rs1004983 0.64 0.67 0.92 0.91
CYP19 115 49401198 rs1902585 0.98 0.88 0.96 0.76
CYP19 153 49402908 rs2445761 0.29 0.14 0.5 0.33
CYP19 154 49405000 rs2445762 0.85 0.64 0.21 0.08
CYP19 161 49409017 rs2470144 0.8 0.54 0.3 0.32
CYP19 323 49409420 rs7174997 0.94 0.96 0.56 0.94
CYP19 343 49411077 rs8025191 0.61 0.43 0.49 0.25
CYP19 110 49412515 rs1870049 0.26 0.09 0.24 0.059
CYP19 155 49422190 rs2445765 0.11 0.7 0.15 0.9
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CYP19 156 49427651 rs2445771 0.33 0.13 0.7 0.33
CYP19 158 49428448 rs2446426 0.31 0.12 0.39 0.28
CYP19 61 49428833 rs12441382 0.55 0.37 0.0001 0.0001
CYP19 320 49432067 rs7163193 0.17 0.07 0.18 0.09
CYP19 157 49434085 rs2446405 0.0316 0.0066 0.0375 0.0115
CYP19 123 49435826 rs2124873 0.29 0.16 0.052 0.0082
CYP19 2 49437643 rs2470184 0.37 0.29 0.12 0.08
        
CYP1A1 238 72803245 rs4646421 0.38 0.41 0.68 0.71
CYP1A1 164 72806502 rs2470893 0.7 0.91 0.59 0.44
CYP1A1 167 72814933 rs2472297 0.74 0.48 0.0001 0.0001
CYP1A1 95 72819640 rs16972208 0.43 0.43 0.73 0.74
CYP1A1 168 72820453 rs2472299 0.64 0.66 0.49 0.87
        
CYP3A4 56 98998765 rs12333983 0.92 0.66 0.0119 0.0056
CYP3A4 175 99001488 rs2687126 0.74 0.79 0.0001 0.0005
CYP3A4 135 99006117 rs2242480 0.32 0.54 0.65 0.72
CYP3A4 239 99009734 rs4646437 0.97 0.98 0.81 0.48
CYP3A4 176 99015144 rs2738258 0.46 0.96 0.0001 0.0001
CYP3A4 13 99019161 rs10270146 0.76 1 0.27 1
CYP3A4 177 99026747 rs2740574 0.43 0.19 0.67 34
CYP3A4 109 99027587 rs1851426 0.74 0.41 0.69 0.67
CYP3A4 330 99034426 rs760368 0.88 0.89 0.0001 0.0001
CYP3A4 126 99040725 rs2177179 0.36 0.21 0.16 0.1
        
ESR1 270 152203057 rs543650 0.24 0.54 0.5 0.8
ESR1 375 152209572 rs9478243 0.45 0.94 0.8 0.95
ESR1 376 152214151 rs9478244 0.76 0.59 0.32 0.53
ESR1 252 152217558 rs488133 0.36 0.97 0.57 0.79
ESR1 268 152223032 rs532010 0.63 0.82 0.5 0.33
ESR1 22 152224431 rs10484922 0.7 0.59 0.39 0.71
ESR1 225 152232000 rs3853248 0.8 0.88 0.0015 0.0005
ESR1 73 152241986 rs12665044 0.55 0.29 0.1 0.054
ESR1 335 152243977 rs7761133 0.27 0.12 0.12 0.3
ESR1 350 152248311 rs827423 0.66 0.44 0.39 0.16
ESR1 226 152252014 rs3853250 0.76 0.73 0.75 0.74
ESR1 361 152254431 rs9322331 0.83 0.5 0.2 0.08
ESR1 130 152255449 rs2234693 0.58 0.72 0.09 0.14
ESR1 227 152259425 rs3936674 0.36 0.52 0.06 0.0213
ESR1 349 152269643 rs827420 0.4 0.67 0.06 0.0303
ESR1 348 152269777 rs827419 0.63 0.9 0.86 0.89
ESR1 96 152286110 rs1709183 0.78 0.46 0.97 0.74
ESR1 35 152291473 rs11155819 0.47 0.36 0.65 0.46
ESR1 362 152292544 rs9322336 0.06 0.0331 0.18 0.06
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ESR1 336 152304622 rs7761846 0.22 0.17 0.21 0.16
ESR1 300 152326707 rs6557171 0.0431 0.0103 0.0107 0.0139
ESR1 250 152329582 rs4870061 0.2 0.12 0.29 0.14
ESR1 251 152329732 rs4870062 0.0379 0.0345 0.0022 0.0073
ESR1 381 152333264 rs988328 0.41 0.16 0.41 0.19
ESR1 373 152339266 rs9397456 0.57 0.36 0.16 0.0371
ESR1 312 152349801 rs6927072 0.11 0.57 0.0066 0.74
ESR1 372 152354227 rs9371564 0.08 0.057 0.0305 0.0142
ESR1 108 152357636 rs1801132 0.48 0.37 0.69 0.38
ESR1 208 152358491 rs3020410 0.07 0.94 0.07 0.97
ESR1 198 152358582 rs3003917 0.35 0.16 0.35 0.14
ESR1 311 152360654 rs6914211 0.14 0.15 0.37 0.3
ESR1 203 152364512 rs3020377 0.61 0.85 0.9 0.98
ESR1 200 152370855 rs3020317 0.63 0.33 0.29 0.22
ESR1 205 152375158 rs3020401 0.76 0.92 0.94 0.96
ESR1 111 152375393 rs1884051 0.53 0.56 0.8 0.8
ESR1 5 152375592 rs985192 0.84 0.9 0.96 0.99
ESR1 199 152376572 rs3003925 0.31 0.18 0.06 0.0277
ESR1 301 152376935 rs6557177 0.91 0.73 0.99 0.91
ESR1 192 152378637 rs2982700 0.89 0.54 0.6 0.82
ESR1 380 152378739 rs985694 0.67 0.42 0.3 0.31
ESR1 201 152381884 rs3020318 0.92 0.82 0.95 0.92
ESR1 112 152383480 rs1884052 0.9 0.93 0.24 0.99
ESR1 113 152383680 rs1884054 0.36 0.61 0.59 0.69
ESR1 206 152387829 rs3020403 0.74 0.88 0.96 0.99
ESR1 191 152390549 rs2982683 0.77 0.91 0.69 0.6
ESR1 374 152396442 rs9397463 0.6 0.45 0.0333 0.0264
ESR1 359 152397161 rs926777 0.92 0.95 0.96 0.99
ESR1 202 152397619 rs3020328 0.35 0.12 0.57 0.27
ESR1 207 152399375 rs3020407 0.81 0.73 0.87 0.92
ESR1 125 152399820 rs2144025 0.06 0.0175 0.1 0.0218
ESR1 331 152401246 rs7743290 0.38 0.45 0.65 0.75
ESR1 54 152402121 rs12212176 0.95 0.77 0.34 0.24
ESR1 332 152403651 rs7754762 0.62 0.47 0.74 0.69
ESR1 364 152405260 rs9340941 0.51 0.21 0.38 0.38
ESR1 334 152409254 rs7757956 0.1 0.89 0.09 0.5
ESR1 365 152412286 rs9340954 0.18 0.16 0.2 0.32
ESR1 90 152420730 rs1569788 0.19 0.37 0.24 0.42
ESR1 366 152422315 rs9340955 0.11 1 0.08 1
ESR1 81 152425218 rs13203975 0.79 0.5 0.92 0.74
ESR1 333 152431729 rs7755185 0.32 0.09 0.0352 0.17
ESR1 209 152435877 rs3020411 0.96 0.87 0.98 0.91
ESR1 3 152448334 rs2982708 0.63 0.95 0.56 0.71
ESR1 193 152448858 rs2982709 0.35 0.28 0.21 0.0551
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ESR1 210 152450041 rs3020432 0.66 0.44 0.42 0.64
ESR1 194 152450293 rs2982712 0.3 0.11 0.47 0.2
ESR1 211 152451054 rs3020434 0.28 0.24 0.13 0.2
ESR1 367 152474802 rs9341019 0.5 0.25 0.56 0.25
ESR1 195 152484156 rs2982894 0.95 0.7 0.41 0.38
ESR1 53 152484712 rs12199198 0.52 0.23 0.68 0.38
ESR1 52 152486893 rs12180788 0.7 0.37 0.87 0.52
ESR1 196 152491607 rs2982896 0.91 0.83 0.11 0.0178
ESR1 169 152505018 rs2474148 0.77 0.83 0.17 0.58
ESR1 197 152507106 rs2982900 0.0108 0.33 0.0012 0.0207
ESR1 368 152508739 rs9341052 0.0087 0.01 0.0376 0.0425
ESR1 204 152508893 rs3020383 0.56 0.71 0.14 0.0044
ESR1 220 152510689 rs3778099 0.98 0.98 0.84 0.54
ESR1 128 152512209 rs2228480 0.97 0.98 0.9 0.89
ESR1 221 152513244 rs3798577 0.2 0.12 0.16 0.17
ESR1 180 152516592 rs2813543 0.67 0.37 0.0272 0.0054
ESR1 181 152517696 rs2813544 0.99 0.95 0.98 0.99
ESR1 179 152518615 rs2747649 0.89 0.97 0.47 0.97
ESR1 87 152520818 rs1543403 0.46 0.39 0.09 0.14
ESR1 358 152525016 rs910416 0.75 0.74 0.49 0.23
        
ESR2 58 63761606 rs12434245 0.5 0.74 0.49 0.43
ESR2 44 63762383 rs1152582 0.28 0.46 0.17 0.17
ESR2 63 63763624 rs1255998 0.54 0.95 0.66 0.99
ESR2 342 63763835 rs8018687 0.91 0.83 0.9 0.84
ESR2 341 63769203 rs8006145 0.96 0.93 0.62 0.98
ESR2 259 63769569 rs4986938 0.16 0.73 0.18 0.48
ESR2 354 63770795 rs867443 0.67 0.78 0.76 0.75
ESR2 67 63771970 rs1256063 0.94 0.88 0.055 0.0428
ESR2 66 63773071 rs1256062 0.33 0.83 0.42 0.94
ESR2 65 63780170 rs1256059 0.56 0.78 0.65 0.66
ESR2 137 63786382 rs2274705 0.64 0.97 0.42 0.3
ESR2 59 63793278 rs12435857 0.016 0.32 0.0069 0.0422
ESR2 340 63795122 rs8003490 0.96 0.76 0.67 0.46
ESR2 64 63803780 rs1256044 0.22 0.8 0.052 0.0455
ESR2 318 63806413 rs7154455 0.97 0.99 0.2 0.0189
ESR2 378 63814932 rs960070 0.82 0.96 0.06 0.14
ESR2 98 63826504 rs17179740 0.0331 0.99 0.0128 0.08
ESR2 319 63828629 rs7159462 0.41 0.28 0.33 0.19
ESR2 114 63830364 rs1887994 0.92 0.98 0.99 0.99
ESR2 76 63831670 rs1271572 0.42 0.81 0.0233 0.28
ESR2 9 63845529 rs10137185 0.93 0.95 0.15 0.06
        
GPR54 216 848571 rs3746149 0.14 0.19 0.21 0.39
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GPR54 143 850978 rs2306718 0.7 0.37 0.1 0.66
GPR54 346 857633 rs8112519 0.17 0.052 0.33 0.09
GPR54 16 858673 rs10425660 0.99 0.99 0.45 0.58
GPR54 93 861742 rs168405 0.47 0.78 0.21 0.27
GPR54 213 874744 rs350134 0.43 0.37 0.69 0.48
GPR54 345 878971 rs8108687 0.69 0.43 0.67 0.71
        
GSTP1 309 67096525 rs688878 0.38 0.16 0.17 0.16
GSTP1 292 67103863 rs614080 0.17 0.0585 0.38 0.12
GSTP1 338 67104171 rs7941648 0.025 0.0095 0.0164 0.0056
GSTP1 302 67106475 rs6591256 0.1 0.0319 0.22 0.09
GSTP1 377 67109265 rs947894 0.17 0.09 0.1 0.11
GSTP1 107 67110155 rs1799811 0.62 0.54 0.0015 0.001
GSTP1 283 67116179 rs596603 0.06 0.27 0.19 0.51
GSTP1 41 67116840 rs11227844 0.87 1 0.35 0.99
        
HSD17B1 303 37942981 rs659497 0.018 0.0193 0.0034 0.0037
HSD17B1 118 37943139 rs2071046 0.0068 0.74 0.0078 0.94
HSD17B1 299 37946870 rs630539 0.12 0.024 0.41 0.08
HSD17B1 351 37949759 rs86312 0.07 0.97 0.17 0.99
HSD17B1 182 37958089 rs2830 0.58 0.86 0.22 0.21
HSD17B1 284 37958626 rs597255 0.32 0.92 0.45 0.67
HSD17B1 172 37959481 rs2676530 0.81 0.65 0.9 0.9
HSD17B1 308 37959799 rs676387 0.81 0.92 0.89 0.98
HSD17B1 70 37965295 rs12602084 0.31 0.5 0.35 0.2
HSD17B1 296 37965943 rs621141 0.0473 1 0.26 0.27
        
IGF1 144 101282429 rs2373720 0.99 0.99 0.11 0.13
IGF1 190 101283346 rs2971575 0.82 0.53 0.61 0.66
IGF1 28 101288036 rs10860861 0.25 0.12 0.0159 0.0078
IGF1 29 101288539 rs10860862 0.78 0.91 0.34 0.99
IGF1 188 101290281 rs2946834 0.95 0.83 0.69 0.51
IGF1 298 101292659 rs6219 0.12 0.73 0.17 0.82
IGF1 297 101296036 rs6214 0.7 0.5 0.0252 0.0034
IGF1 86 101298989 rs1520220 0.4 0.98 0.35 0.99
IGF1 104 101312097 rs17727841 0.89 0.92 0.33 0.99
IGF1 261 101312736 rs5009837 0.18 0.28 0.48 0.54
IGF1 278 101314993 rs5742688 0.36 0.16 0.19 0.0454
IGF1 145 101329512 rs2373721 0.8 0.99 0.82 0.99
IGF1 139 101332475 rs2288378 0.84 0.65 0.55 0.28
IGF1 277 101338533 rs5742652 0.74 0.74 0.74 0.91
IGF1 317 101340982 rs7136446 0.44 0.2 0.15 0.0405
IGF1 146 101342924 rs2373722 0.65 0.66 0.07 0.08
IGF1 26 101346703 rs10735380 0.94 0.74 0.09 0.0145
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IGF1 276 101350713 rs5742639 0.27 0.27 0.51 0.52
IGF1 47 101355710 rs11831436 0.44 0.45 0.76 0.45
IGF1 127 101359169 rs2195239 0.5 0.72 0.44 0.18
IGF1 275 101359730 rs5742629 0.7 0.68 0.14 0.06
IGF1 27 101365446 rs10778176 0.26 0.49 0.11 0.07
IGF1 10 101366892 rs1019731 0.91 0.99 0.004 0.99
IGF1 6 101370134 rs12821878 0.62 0.77 0.5 0.29
IGF1 274 101372067 rs5742620 0.48 1 0.68 0.99
IGF1 214 101378036 rs35767 0.35 0.38 0.31 0.63
IGF1 382 101382589 rs9919733 0.55 0.56 0.78 0.79
IGF1 353 101396326 rs865927 0.24 0.66 0.3 0.24
        
IGFBP3 75 45718709 rs12702181 0.94 0.86 0.95 0.89
IGFBP3 74 45720395 rs12671484 0.91 0.69 0.74 0.31
IGFBP3 136 45722810 rs2270628 0.21 0.38 0.41 0.68
IGFBP3 82 45724470 rs13223993 0.99 0.9 0.07 0.19
IGFBP3 306 45725494 rs6670 0.48 0.85 0.71 0.87
IGFBP3 159 45726813 rs2453839 0.86 0.86 0.18 0.08
IGFBP3 12 45727932 rs10255707 0.38 0.35 0.2 0.0396
IGFBP3 212 45728269 rs3110697 0.15 0.58 0.12 0.16
IGFBP3 357 45738235 rs903889 0.97 93 0.84 0.78
IGFBP3 83 45744350 rs13232606 0.19 0.06 0.07 0.057
IGFBP3 11 45747298 rs10235181 0.65 0.55 0.62 0.68
IGFBP3 160 45747905 rs2453849 0.79 0.82 0.0004 0.0104
IGFBP3 165 45751363 rs2471553 0.11 0.47 0.25 0.52
IGFBP3 166 45752807 rs2471554 0.92 0.81 0.81 0.6
IGFBP3 189 45753991 rs2965072 0.7 0.7 0.77 0.78
        
P160 84 4380349 rs1351231 0.0449 0.6 0.09 0.74
P160 80 4383646 rs12949158 0.11 0.97 0.36 0.98
P160 33 4386031 rs11078514 0.64 0.41 0.91 0.68
P160 25 4388058 rs10521140 0.06 0.84 0.11 0.98
P160 19 4388634 rs1045845 0.1 0.32 0.13 0.35
P160 62 4391384 rs12450708 0.07 0.87 0.24 0.98
P160 223 4401915 rs3816686 0.59 0.48 0.61 0.62
P160 71 4405539 rs12603519 0.48 0.39 0.51 0.58
P160 219 4405958 rs3760194 0.34 0.77 0.4 0.95
P160 324 4410448 rs7216284 0.75 0.52 0.08 0.16
P160 325 4410545 rs7216474 0.85 0.91 0.75 0.53
P160 34 4411345 rs11078517 0.44 0.76 0.07 0.2
P160 122 4412251 rs2100986 0.08 0.16 0.08 0.2
P160 15 4421661 rs1038122 0.08 0.0257 0.0448 0.0086
P160 14 4421993 rs1038121 0.11 0.0429 0.14 0.0413
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Concordant vs. 
Discordant Pairs 

Concordant & Discordant Pairs 
and Controls 

GENE 
SNPNO (in 
database) COORD rs number 

P value for 
genotype 
distribution. 

P value for 
allele 
distribution 

P value for 
genotype 
distribution 

P value for allele 
distribution 

PR 105 100404528 rs17728653 0.27 0.68 0.27 0.76
PR 21 100405926 rs1046982 0.32 0.44 0.0034 0.0024
PR 272 100408204 rs561610 0.53 0.53 0.67 0.6
PR 243 100410507 rs471767 0.57 0.25 0.71 0.48
PR 266 100413084 rs523535 0.91 0.97 0.94 0.77
PR 260 100415201 rs500760 0.86 0.62 0.99 0.88
PR 282 100416758 rs588913 0.97 0.92 0.9 0.87
PR 18 100427412 rs1042839 0.24 0.14 0.57 0.31
PR 279 100427614 rs578029 0.95 0.76 0.97 0.86
PR 38 100429243 rs11224575 0.55 0.76 0.77 0.93
PR 255 100432070 rs492457 0.91 0.8 0.96 0.86
PR 43 100434397 rs1144133 0.61 0.58 0.29 0.82
PR 17 100438622 rs1042838 1 1 0.0081 0.98
PR 304 100439577 rs660541 0.99 0.93 0.92 0.67
PR 256 100440990 rs495997 0.99 0.96 0.89 0.86
PR 39 100443503 rs11224580 0.71 0.72 0.25 0.11
PR 305 100443654 rs665617 0.18 0.56 0.43 0.61
PR 281 100465785 rs585447 0.58 0.28 0.73 0.54
PR 264 100467410 rs508653 0.32 0.92 0.39 0.99
PR 263 100470449 rs508533 0.54 0.43 0.33 0.23
PR 280 100472265 rs578938 0.6 0.47 0.8 0.77
PR 271 100474755 rs555653 0.17 0.77 0.44 0.96
PR 40 100477150 rs11224589 0.32 0.2 0.56 0.4
PR 294 100477546 rs619487 0.51 0.75 0.13 0.46
PR 85 100487782 rs1456765 0.54 0.9 0.68 0.98
PR 269 100493244 rs537681 0.47 0.4 0.0017 0.0062
PR 249 100495657 rs485283 0.71 0.57 0.86 0.59
PR 265 100505711 rs518162 0.11 0.12 0.21 0.31
PR 262 100508322 rs507141 0.64 0.36 0.91 0.63
PR 246 100513712 rs4754732 0.92 0.73 0.98 0.88
PR 245 100519759 rs474320 0.26 0.13 0.31 0.31

. 
  
6) Key Research Accomplishments 
a. We have obtained DNA and signed consent forms for 136 concordant pairs, 152 discordant pairs, and 137 

controls. 
b.  DNA has been extracted from all available samples and stored for future testing. 
c. Assays on 368 SNPs along 16 genes have been completed used the Illumina System. 
d. Very preliminary assessment of significant differences between the distributions of genotypes and alleles of 

concordant for breast cancer pairs and discordant for breast cancer pairs has been provided. In addition, 
significance based on the chi-square statistic has been determined for the distributions of genotypes and 
alleles for concordant and discordant pairs and control women.  Less than 5% of the SNPs showed 
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significant differences for concordant vs. discordant pairs whereas 15-17% were significant for the three-
way comparison of concordant and discordant pairs and controls.  

 
7) Reportable Outcomes 
Preliminary results indicate that some of the studied genes may be involved in breast cancer susceptibility, but 
further analyses are required. 
 
8) Conclusions 
We have successfully obtained DNA samples from 136 concordant pairs, 152 discordant pairs and 137 controls 
for a total of 425 samples.  DNA has been extracted and stored for additional genetic testing from these 
samples.  A total of 368 SNPs have been assayed along 16 genes. The genes include AIB1, COMT, COX2, 
CYP17, CYP19, CYP1A1, CYP3A4, ESR1, ESR2, GPR54 ,GSTP1, IGF1, IGFBP3, P160, and PR.  The SNPs 
selected were essentially haplotype tagging SNPs that were selected to cover the variation across the entire 
length of each of the genes.  The genes that showed the most indication of being involved with breast cancer 
susceptibility included HSD17B1, CYP1A1, GSTP1, AIB1, P160 and COX2.  The project has generated a 
wealth of data that will require further analysis to understand the significance of these results. This group of 
twins represents an extremely important and valuable group to study breast cancer susceptibility genes and with 
the DNA stored as a result study, additional SNPs can be easily tested. 
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